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Chapter 1

INTRODUCTION

"'_This report is a sequel to two earlier ones devoted to the Pioneer Venus
program. The first report, I completed in 1970, outlined the philosophy and
justification for exploration of Venus by a series of small probes, orbiters,
and landers. The second, 2 published in 1972, was devoted to a detailed study
of the multiple-probe mission, and a preliminary study of an orbiter.

--_The Orbiter mission is the subject of the present document. In accordance
with the low-cost Pioneer Venus concept discussed in the earlier reports, NASA
intends to use the same basic spacecraft, known as the "bus," for the execution
of the two missions. The bus will be equipped with all of the subsystems common
to the Probe and Orbiter missions (for example, thermal control, solar cells and
power supply, attitude measurement and control, telemetry and communication elec-
tronics, and auxiliary propulsion unit). For the 1977 mission, the bus will be
equipped with the large and small probes and a special antenna system. For the
Orbiter mission, the bus will be equipped with a retro-propulsion motor and a
high-gain antenna: A diagram of the system envisaged is shown in Chapter 3,
Figure 1. J

At a meeting _n April 1972, attended by members of NASA and the European
Space Research Organization (ESRO), it was decided to examine jointly the terms
on which both organizations could cooperate in the execution of the Venus Orbiter
mission in 1978. The principles of such cooperation, which will not involve any
exchange of funds between the two organizations, can be summarized as follows:

• NASA will produce and provide ESRO with the Orbiter version of the
basic spacecraft (the "bus") together with the common equipment.

• ESRO will adapt the bus as appropriate, add the equipment specific
to the Orbiter mission (in particular the retromotor and high-gain
antenna), and carry out the integration of the scientific experi-
ments as well as the qualification tests. Experiment proposals from
both U.S. and European scientists will be considered.

• The Orbiter will then be delivered to NASA, which will be responsible
for the launching and flight operations.

-The present NASA/ESRO Pioneer Venus Orbiter report gives the main outcome
of the meetings held by a Joint Working Group, which was set up to define the
objectives of a Venus Orbiter for launch in 1978. The proposed candidate pay-
load is based on the current results of technical studies conducted by Ames
Research Center, ESRO, and their contractors.--_-_ - _

z Venus: Strategy for Exploration. Space Science Board, _|ational Academy
of Sciences, 1970.

2 Pioneer Venus: Report of a Study by the Science Steering Group. Ames
Research Center, June 1972.



Chapter 2

MISSION SUMMARY

In response to the desire on the part of the scientific community to

explore the planet Venus, the National Aeronautics and Space Administration
(NASA) has established the Pioneer Venus program, The Pioneer Venus Study

Team, located at NASA Ames Research Center, is currently directing the pro-

gram Phase B or System Definition Phase effort with two major system contracts.
Two American aerospace teams have been formed to competitively define the
Pioneer Venus spacecraft system. They are TRW/Martin Marietta and Hughes/
General Electric. One of these teams will be selected to perform the Execu-

tion Phase of the program.

In parallel with these activities and based on agreements established
between NASA and the European Space Research Organization (ESRO), an ESRO

Venus Orbiter Study Team has been formed with the system definition activity
contracted to Messerschmitt-Bolkow-Blohm (MBB), Munich, West Germany. Close
technical and management coordination has been established between NASA and

ESRO with specific agreements and interfaces to be defined following the

Phase B activity (mid-year 1973).

Since the inception of the NASA Venus exploration concept, a series of
missions has been proposed. A series combining the capabilities of Orbiters

and Probes to the planetary surface would provide the ideal method of explor-
ing the environment of Venus. In mid-1972, the present mission series was
defined, This mission series calls for a Multiprobe mission in the 1976/1977

launch opportunity with an Orbiter mission in 1978. The science requirements
for this mission series have been documented in the Pioneer Venus report refer-

enced above (see page l footnote 2). The science requirements for the Orbiter
missioh have been updated in this document.

Based on the recommendations of the Pioneer Venus Science Steering Group

(January - June 1972) and the Pioneer Venus Orbiter NASA/ESRO Joint Working
Group (September 1972 - January 1973), and the program schedule requirements

for the implementation of the Execution Phase, the following launch oppor-
tunities have been selected for design of the two mission series:

(a) Multiprobe Mission

Launch I/5/77 - 1/14/77

Arrival 5/16/77

(b) Orbiter Mission (Type I)

Launch 8/24/78 - 9/3/78

Arrival !2/15/78 - 12/20/78



Orbiter Mission (Type II)

Launch

Arrival

5/25/78 - 6/3/78

12/10/78 - 12/12/78

NOTE

These dates are based on present (January 1973)
mission analysis results and therefore do not
represent final mission planning.

The science requirements for the Orbiter mission indicate a preference
for a highly inclined orbit plane, e.g., greater than 60 ° (referred to ecliptic)
to near polar; for a low periapsis, e.g., 200 km or less; for a mid-latitude
periapsis location, e.g., near 45°; and for the periapsis location to initially
exist in sunlight for a period of time prior to crossing the terminator into
darkness. The operation in orbit should allow investigation over at least one
sidereal year (225 Earth days) and preferably one Venus rotation period (243
days).

A typical mission sequence can therefore be presented as it is related
to the planetary orbital characteristics using the science requirements as a
baseline. Following two or three midcourse maneuvers, the spacecraft will be
targeted to a point at the planet where an on-board retromotor can apply the
proper change in velocity (aV). An attitude maneuver will position the space-
craft spin axis for application of the correct _V by the retromotor at Venus
orbit insertion. An initial periapsis altitude may be between 400 and 700 km
with later orbital change maneuvers to lower this altitude to approximately
150 to 200 km. Apoapsis altitude may be 6q,O00 to 70,_Oq km. A 24-hour or-
bital period will result, with most of the aforementioned science requirements
satisfied. The primary operating region for a typical science payload (as
described in this document) will be while the spacecraft passes below an alti-
tude of 5000 km, as it approaches periapsis, and again rises to an altitude of
5000 km on each planet orbit. Therefore, scientific interest will increase as
the altitude decreases to periapsis and vice versa following the rise from
periapsis on each orbit.

Solar gravity effects on the periapsis altitude will cause it to rise or
fall, depending on selected periapsis location. Periodic orbital change maneu-
vers will be required to maintain a designated range of periapsis altitude
(150 to 200 km).

A desire has been indicated for survival of the mission beyond the nominal
225 days, particularly for gravity harmonic measurements.
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Chapter 3

SPACECRAFT DESCRIPTION

GENERAL FEATURES

The Pioneer Venus Orbiter will be a mission-adapted version of the Probe/
Bus spacecraft. The Orbiter will be spin-stabilized and solar-powered, and will
carry a science payload of 25 to 36 kg (55 to 80 Ib).

The final spacecraft design has not yet been selected. An important ques-
tion, so far unresolved, is the orientation of the spin axis; the choice is
between one which is normal to the ecliptic plane, and one which is in the
ecliptic plane, pointed at Earth. Both designs have been shown to be feas-
ible, and both offer comparable system capability. Detailed work is now under
way to further examine the advantages and disadvantages of each, particularly
the coverage afforded to planetary science. Relative design complexities,
subsystem performance limitations, and overall system costs are additional
major considerations,

LAUNCH VEHICLE

The mission is based on the capability of the Delta 2914 launch vehicle.
Total spacecraft weight at launch in 1978 would be approximately 365 kg (800 Ib).
The weight in orbit (periapse 200 km, apoapse 65,000 km, period 24 hr) would be
approximately 180 kg (400 Ib). It is possible tha_ an Atlas/Centaur will be
used instead of the Delta, to permit a relaxation of some weight restrictions,
only if a reduction of total cost can be achieved. The capability of the space-
craft and experiments will, however, not be permitted to grow.

ROCKET MOTOR AND PROPELLANT

The Orbiter spacecraft will require a retro-propulsion maneuver at Venus
to achieve orbit injection. The magnitude of the _V required is approximately
1600 m/sec for a Type I transfer trajectory, and approximately 950 m/sec for a
Type II transfer. The insertion may be accomplished by use of a solid propel-
lant rocket motor. A number of existing motors have been identified which
cover the combinations of spacecraft mass and orbits of interest. The use of a
liquid propellant motor system is also being investigated; it offers the advan-
tage that the amount of propellant carried can readily be changed as required
from mission to mission.

STRUCTURAL DESIGN

The final Pioneer Venus Orbiter configuration and structural design will
be highly dependent on the major system decisions discussed above, Pending
those decisions, only a general description and definition can be given.

Z
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The spacecraft will typically be a short cylinder of large diameter. The
Delta shroud can accommodate spacecraft diameters up to 213 cm (84 in), while
the maximum diameter for Atlas/Centaur is approximately 256 cm (101 in). The
final design configuration will probably be near these launch vehicle envelope
limits. In adapting from the Probe/Bus to the Orbiter configuration, the probe-
supporting structure would be removed and replaced with supports for the high-

ain antenna. Basic structural elements would be common to both configurations.
Refer to Figure I.)

The Pioneer Venus Orbiter will be powered by solar cells with provision
for secondary battery power during periods of solar occultation. The present
power budget provides approximately 40 watts (continuous) for science instru-
ments.

Earth-spacecraft communications will be via the NASA Deep Space Network.
The 26-meter antennas will be the primary ground station facility. The 64-
meter antennas will also be employed; however, this support would be limited
to periods of critical maneuvers and vital data collection. Spacecraft telem-
etry and command links will be at S-band. Telemetry bit rates during the mis-
sion will range between 2000 bps and I00 bps, depending on link distance and
final design selections in the communication subsystem. The Earth-pointed
design would use a fixed parabolic dish antenna on axis, while the normal-to-
ecliptic system would require some form of despun antenna.

The spacecraft telemetry system will be capable of providing a variety of
data formats, selectable by command, to accommodate particular science and
engineering requirements. The spacecraft data handling system will include
data storage sufficient to preserve science data collected during Earth occul-
tation, and to buffer data collected over brief periods at rates higher than
telemetry transmission.

Spacecraft attitude will be stabilized by spinning at a rate of approxi-
mately 5 rpm. Attitude maneuvers, trajectory corrections, and orbit-trim
maneuvers will be performed with an array of small hydrazine monopropellant
thrusters. On-board fuel capacities will be sufficient to maintain the orbit
for the entire 243-day mission.

The spacecraft structure will provide for the mounting of science instru-
ments on a common, thermally-controlled platform. Radial, forward or aft
instrument-viewing requirements will be accommodated.

Magnetic cleanliness criteria have not yet been specified. Guidelines
for the system studies have emphasized the need to define these criteria with
full consciousness of the total cost. The present indications are that a rea-
sonable program can be implemented which would limit both permanent and stray
field levels to less than I0¥ at a distance from the spacecraft of approxi-
mately 3 m.
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Chapter 4

CANDIDATE PAYLOADS

GENEP_AL CONSIDERATIONS

The principal objectives of the Orbiter mission, already stated in the
Pioneer Venus Science Steering Group (SSG) report, have been reasserted by the

NASA/ESRO Joint Working Group (JWG):

(I) Global mapping of the atmosphere and the ionosphere by remote sensing
and radio occultation to extend the information obtained on the vertical struc-

ture from the entry probe mission.

(2) Global studies by in situ measurements of the upper atmosphere, ion-
osphere, and solar wind-iono_interaction region to extend and supplement
the information obtained with the entry probe mission.

(3) Studies of the planetary surface by remote sensing.

In order to establish a typical payload that would be well suited to achieve
these scientific objectives, the JWG discussed a number of candidate experiments,

using recommendations given in the SSG report, plus additional results currently
available from studies by Ames Research Center (ARC) and the European Space Re-
search Organization (ESRO).

Selection

Each
tions for

Criteria

candidate experiment is discussed in detail below. Basic considera-
the selection were as follows:

To include, as much as possible, only flight-tested or well-proven
instrumentation.

To give priority to instruments which will achieve scientific objec-
tives not accessible by the Probe mission.

To weigh the advantages and interest of each instrument against the
complexity it will involve in the spacecraft itself.

To consider mainly experiments that are compatible with a rather long
orbital period (24 to 48 hours) and a low periapsis altitude (_200 km).

Payload A

In Table I, a model payload is listed (Payload A). It assumes that 36.5 kg
will be available for the scientific payload (including booms and special antennae).
This is considered to be reasonable, if the required power is not more than -30 w
and the majority of experiments will not be operated during eclipses.



TableI. VenusOrbiterModelPayload(PayloadA)

Weight
Experiment Instrument (kg)

u--

Solar wind/ionosphere
interaction

Aeronomy (composition,
photochemistry, airglow)

Atmosphere (thermal
structure, lower atmos-
phere density)

Surface (topography,
reflectivity, roughness)

Power
(w)

Data (bps)
(nominal)

Magnetometer I 3.5 2 32

Solar wind and photo- 2.5 2 36
electron analyzer

Electron and ion 2.0 3 25
temperature probe

Neutral mass spectrometer 4.0

lon mass spectrometer 1.5

UV spectrometer/ 6.0
photometer

I0

1

4

4 q

IO

IR radiometer 5.0

Dual frequency occultation 3.0
(add. X-band) 2

I00

100

< 600

150

i Including 2- to 3-m boom.

2 Associated with the telecommunication subsystem (S-band).

3 A dedicated antenna is preferred to one shared with the communications
system.

Must be 14 w if a horizon scanner is used.

s To satisfy payload requirements on power and data rates, a proper duty
cycle will benecessary.

Radar altimeter 3 9.0 II 30n

36.5 _30 s 128 s
(Avail.) (At max.

distance)



Payload B

In the event that only a reduced payload is feasible (30 kg), the JWG made
the following recommendations (Payload B):

• Simplify the solar wind/ionosphere interaction complex.

e Simplify the UV instrument (H/D ratio measurement considered impera-
tive).

• Abandon ionic temperature measurement with the dedicated analyzer.

Payload C

In the event that a radar altimeter is not feasible within the g to I0 kg
weight limit, it will be necessary to revise the payload. The JWG made the fol-
lowing recommendations (Payload C):

Improve the dual frequency occultation experiment (X-band and/or
L-band).

• Improve the orbit (shorter period, more trim maneuvers, etc.)

• Relax weight constraints on some experiments.

Additional Experiments

A number of other experiments were considered by the JWG but were not re-
tained in the candidate payloads. The principal ones were:

A microwave radiometer aiming at a resolution of +_I°K for mapping the
thermal emission of the surface.

An ac electric field sensor to detect plasma waves originating from
the solar wind/ionosphere interaction.

A solar UV occultation experiment to determine the vertical distribu-
tion of minor constituents in the upper atmosphere of Venus.

• A photopolarimeter (UV, visible, IR) was also included.

Other Considerations

The JWG emphasized the importance of using the Orbiter mission for Venus
gravimetry through analysis of long-period perturbations. However, this would
be difficult to achieve with low periapsis requirements and orbital maneuvers.
Extension of the Orbiter beyond the nominal lifetime could be requested in
order to achieve accurate gravimetry.

Finally, it is recommended that during Sun occultation occurring at the
end of the nominal mission (243 days), full benefit of the dual-frequency ex-
periments be exploited in order to conduct time delay measurements for testing
general relativity.

9



PLASMAANDMAGNETICFIELDMEASUREMENTS

Observationsof the plasmaandmagneticfield environmentsof Venusare
consideredto beof primeimportanceasfar as anOrbitermissionis concerned
for the followingreasons:

(I) Wedonot at this point knowwhetheror not Venushasa smallmagnetic
field of internal origin.

(2) Theionopauseandplasmatail observedduringthe flyby of Mariner5
areprobablythe mostintriguing results that havebeenobtainedto date.

(3) ForplanetssuchasVenuswhichhaveat mostaweakinternal magnetic
field, the solar windinteractiondeterminesthe upperboundaryconditionon
the atmosphere,andhencecontrolstheevolutionof theatmosphereto a large
extent.

Presentknowledgeof solar-windinteractionwith the upperatmosphereof
Venusindicatesthat the planethasnointernal magneticfield. However,one
cannotbedefinite aboutthis point. Sincethemagneticfield mayplayan im-
portantrole in determiningsolarwindinteractionandhencethe evolutionof
the atmosphere,it is importantthat careful magneticfield measurementsbemade
fromthe Orbiter. It shouldalsobenotedthat theseareprobablytheonly active
measurementswhichwill provideinformationconcerningthe interior of the planet.

Thesharplyboundedionopauseonthe sunwardside of Venusandthe extended
plasmatail onthe downstreamside foundbyMariner5 werequite unexpectedfea-
tures; at this time, theyarestill notadequatelyexplainedor understood.Con-
sequently,theplasmaandmagneticfield experimentsshouldbedesignedso that
theycanprovideanadequateanswerto all questionsthat arise in connection
with thesephenomena.In particular, it is necessaryto beableto measurethe
bulk propertiesof thesolar wind(density, temperature,pressure,speedand
direction), the strengthanddirectionof the magneticfield (to anaccuracyof
0.I to 0.5 gammas),andthe density, temperature,compositionandpossiblythe
flowof the ionosphericplasma.At thesametimetheexperimentsmustnot be
allowedto becometoo complexin orderthat the payloadcanhavea propersci-
entific balance. In particular, caremustbetakento avoidmakingexcessive
demandsfor magneticcleanliness,andit will probablybenecessaryto omit
detailedmeasurementsof the ion compositionof thesolar-windplasmaif these
cannotbedonewithouta significant penaltyin termsof the spacecraftcapa-
bility.

Sincethe averageinterplanetarymagnetic-fieldstrengthat the orbit of
Venusis of theorderof I0 gammas,andtheOrbiterwill not normallybein
regionswith fields muchlowerthanthis (exceptpossiblyin the plasmatail,
andat timeswhenthe interplanetaryfield strengthis unusuallylow), a highly
sensitivemagnetometersystemis not required. Furthermore, since this is in-
tended to be a low-cost mission, it is inappropriate to request an extensive
program to ensure that the spacecraft is magnetically clean, and in any case,
such costs will be charged directly to the magnetometer experiment, It is
suggested, in fact, that the magnetic cleanliness program be restricted to

I0



oneof simplyrecommendingguidelinesto otherexperimenters.Consideration
shouldthereforebegivento mountingthe magnetometerona boom,anduseof
(a) the gradiometertechniquefor determiningat least thedipole component
of the spacecraftfield and/or(b) the varioustechniquesinvolvingthe prop-
erties of fluctuationsin the interplanetaryfield, whichpermitthe zerolevel
of themagnetometerto be inferred. It appearsthat the useof a 3-meterboom
will permitthe field at the sensorto bereducedto 0.5 gammaswithoutspecial
cleaningof the spacecraft. Takinginto accounttheadvantageassociatedwith
a spinningspacecraft,it shouldbepossibleto obtainthe requiredsensitivity
quite easilywithoutembarkingupona costly magneticcleanlinessprogram.

PHOTOELECTRON/SOLARWINDANALYZER

Therole of photoelectronsin the thermalbalanceof the Venusianiono-
sphereis difficult to predict withoutinformationaboutthe configurationof
the ionosphericmagneticfield. In the completeabsenceof sucha field, photo-
electronswouldbe free to movethroughthe ionospherewith a large, general,
anti-solar flow into the nightsideor plasmatail region. This flow of low-
energyelectronswouldredistribute the daysideheatinput andaffect theelec-
tron-temperatureprofile. In contrast,if a magneticfield is present,lateral
heatlossat loweraltitudes wouldbesmallerandhigherdaysideelectrontem-
peratureswouldresult. Thephotoelectronsmayalso play animportantrole in
the formationof the ionopausebytheir contributionto the total pressure
balance.

Instrumentscapableof measuringbothelectronandprotonfluxes in an
energyrangeof aboutI0 ev to 30kevhavealreadybeenflownona numberof
satellites andareplannedfor future programs.It appearshighly desirable
to usesuchan instrumentfor the VenusOrbiter. Aninstrumentwith sufficient
sensitivity, energyresolution,etc., to measurebothsolar windandphotoelec-
tron fluxes is feasiblefor theweightindicatedin the candidatepayload.Some
compromiseswill haveto bemadein orderto accommodatevariousrequirements,
but thescientific integrity of the measurementswill not haveto besacrificed.
A spin axisperpendicularto theecliptic planeis desirablefor this experiment.
Goodaltitude coveragefor the photoelectronmeasurementsrequiresa lowperi-
apsisaltitude.

ELECTRONANDIONTEMPERATUREMEASUREMENTS

Theexistenceof the daysideionopause(whenconsideredin conjunction
with Mariner5 solar-winddata)suggeststhat _ pressurebalanceexists be-
tweenthe solar windstreamingaroundthe planetandthe ionospherejust below
the ionopause.A pressurebalanceimplieshigh ionosphericplasmatemperatures,
(Te + Ti)/2. Suchanimplication, however,dependsuponmanyupprovenassump-
tions aboution flow, inducedfields, andcurrentsin theVenusianupperiono-
sphere.
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Ameasurementof the plasmatemperatureasa functionof altitude onthe
daysideof Venuswouldhelpdeterminewhichof severalreasonablemodelsof the
upperionosphereis possible. A highvalueof Te wouldimplya nearlyimperme-
ablebarrier betweensolar windparticles andthe daysideionosphere,while a
lowvaluewouldimplya turbulent ionopausewith a significant fraction of the
solar-windparticles leakinginto the ionosphere.If the ionopausedoespermit
solar-windelectronsandprotonsto passinto the ionosphere,thenevena small
percentagepenetrationwouldprovidean importantheatsourceanda sufficient
ionizationsourceto maintainthe nightsideionosphere.

Vertical profiles of electronandion temperatures(whencombinedwith
neutral-compositionandscale-heightdata) canbeusedto determineionospheric
heatingrates. Electronandion temperatureprobeshavebeenflownsuccess-
fully onmanysatellites duringthe last decade.Thebestmeasurementshave
beenobtainedwhenseparatesensorswereused. Satellite-borneion traps have
alsoprovideduseful ion compositiondata; therefore,this instrumentis useful
asa backupto the ion massspectrometer.Dueto the lackof orientationof
thesatellite spin axiswith respectto the velocity vector, a sphericalion
sensorappearsto bepreferable,whileeither a cylindrical or sphericalsensor
wouldbeappropriatefor theelectronprobe. Amid-latitudeperiapsisposition
anda highinclination orbit aredesirablefor the experiment;lowperiapsis
altitude (~200km)wouldalsobehighly desirable. Thechoiceof the spin axis
orientationwith respectto the ecliptic hasnomajorimpacton this instrument.

NEUTRALANDIONMASSSPECTROMETERS

Massspectrometryis anestablishedandpowerfultool for the investigation
in situ of the Earth'supperatmosphere.Thereareproblemsin measuringneutral
atomicspecies,dueto chemicalloss, andalsoproduction,in the ion source;but
mostOf theseproblemsareunderstoodandcanbehandled.Dayglowandfluores-
cenceexperimentscanbeveryhelpful in checkingthe results. Spectrometryof
ambientionshasextremelyhighsensitivity, andis anessentialtool for the
understandingof ionosphericphysics. Theneutralandion composition,measured
froma VenusOrbiter, arebasicto a knowledgeof theupperatmosphereandits
chemistry,bothion andneutral. Temperaturescanbeobtainedfromthe gradients
of selectedspecies.

In addition, ion measurementsduringpassagesthroughthe boundaryof the
solar windwill give importantinformationcomplementaryto that fromthe plasma
andmagneticinstruments.

It is possibleto makealternatemeasurementsof neutralandionizedspecies
with the sameinstrument.Theresult, however,is a compromise,andthe saving
of weightandpoweris verysmall-- existing ion spectrometersweigh1.5 kgand
use1watt. Withseparateinstruments,the ion sourcefor neutralspeciescan
beoptimized,probablywith a closedgeometry,to giveprecisedensities. Such
an instrumentcanweighas little as3 kg anduseonly8 watts. Forbothinstru-
ments,the ideal mountingis normalto the spin axis, if the latter is nearly
normalto the velocity vectornearperiapse. Othergeometriesarepossiblefor
othersituations.
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ULTRAVIOLET SPECTROSCOPY

The capability of an ultraviolet spectrometer for studying the upper part
of a C02 atmosphere is best illustrated by the results from Mariners 6, 7, and 9.
The spectra have been used to obtain, for Mars:

The scale height of the CO2 in the atmosphere, and thus the exospheric

temperature,

• A description of the ionospheric structure and energetics.

• Estimates of the (surprisingly small) amounts of CO and O.

• Measurement of atomic hydrogen concentration and escape rate.

• Upper limits on other gases, especially nitrogen.

• Discovery of ozone in winter at medium and high latitudes.

Mapping of the brightness, and therefore the depth, of the lower
atmosphere.

On Venus, where the surface cannot be seen, additional information on the
stratosphere and clouds may be expected. Dusky markings in the near ultraviolet
can be observed from Earth, and close-up mapping of them could be of interest.
Mariner 5 (and several sounding rockets) have observed the extensive Lyman-alpha
corona due to H atoms, and conflicting evidence for D atoms as well. This ques-
tion has a strong bearing on atmospheric evolution. It can be studied to some
extent by the radial dependence of the Lyman alpha, but a much better technique,
well tested in Earth orbit, is the use of resonance cells to separate the radia-
tion from the two isotopes.

The Venus Orbiter as currently visualized will carry instruments -- notably
mass spectrometers -- for measurements in situ near periapse. Thus, the UV meas-
urements must complement, rather than duplicate, the direct ones. They permit
observation to much lower altitudes, and also in geographical regions that are
remote from periapse. Diurnal variations in the upper atmosphere are of great
interest, because of the very slow rotation of Venus. Moreover, if the 4-day
rotation of the cloud tops is like that of a solid body, the same rotation
should exist at all greater heights. A channel of the UV instrument could
well be devoted to mapping the dusky markings to elucidate the nature of the
4-day motion.

At still greater heights, there is a chance that UV spectroscopy will give
evidence on the nature of the interaction of solar wind and ionosphere.

Two major classes of UV spectrometer are available: a scanning instrument,
as used for Mars, weighing about 5 kg, and a concave-grating instrument with
several fixed detectors, as used on Mariner Venus-Mercury, weighing 2 to 4 kg.
Either one could be combined with the resonance cells, or the cells could be
in a separate photometer.

13



INFRAREDRADIOMETRY

Infraredradiometryis applicablefromthe top of the visible clouddeck
into the ionosphere,roughlyfrom60 to 130kmabovethe solid surface. This
regioncomprises-- by analogyto physicalprocessesin the Earth'satmosphere--
the stratosphere,mesosphere,andlowerthermosphereof Venus.

Presentlyavailableobservationsof this part of the atmosphereinclude:

(I) A set of thermalmapsmadein the I0 to 12Dmwindowof a regiongen-
erally associatedwith the cloudtops. After careful analysis,theseobserva-
tions suggestverysmallday-nighttemperaturedifferencesandslightly cooler
polar regions. Day-to-dayvariationsof a fewdegreesmaybeseen,aswell as
suggestionsof meteorologicaldisturbances.Thenearly isothermalconditions
over the cloud surface suggest that heat must be transported from day to night
side by dynamic processes at this level.

(2) A pair of temperature versus height profiles obtained from measurements
of the occultation of Mariner 5 by Venus. These cover the range from well below
the cloud tops to about 80 km. Above the clouds the lapse rate is about 3.5°/km,
considerably below the adiabatic lapse rate, but indicating that the region is a
true stratosphere. There are indications of vertical structure, with amplitudes
of IO°K, and vertical scales of 5 to I0 km. Day-night differences are very small,
except near 80 km, where the data become undertain and show about IO°K.

(3) Observations of planetary scale low-contrast cloud markings in the
ultraviolet, which suggest a retrograde atmospheric motion with a period of
about 4 days (lO0 m/sec -I wind velocity). This velocity is confirmed, subject
to some variability, by Doppler shifts of spectral lines in the near infrared.

(4) Curve of growth measurements in the near infrared, which suggest that
there is an optically thin layer of upper-level cloud, tentatively put at an
altitude of 80 to 85 km. It is plausible, but not established, that these clouds
are the same as the UV clouds referred to above. A high extension of the cloud
or haze is also inferred from transits of Venus over the Sun.

These observations provide only an initial and unclear picture of the upper
atmosphere of Venus. Several specific questions can be formulated to increase
the detail of present knowledge, and begin to answer questions about the mechan-
ism. Among these are:

What is the vertical distribution of particulate matter in the Venus
atmosphere? Is there a sharp cloud top, a series of layers, or a
scale height fall-off? What are their optical properties in the solar
and infrared parts of the spectrum? What is their contribution to the
local heat budget?

• What is the nature of, and drive for, the 4-day rotation?

What is the size and vertical variation of the day-night temperature
difference, and what is the nature of the motions responsible for heat

transport from day to night side?
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What is the nature and importance of the small-scale motions in the
atmosphere?

How do the pressure and temperature at the cloud top or at some opac-

ity level in the haze vary in space and time over the planet?

• How much water vapor, if any, is present above the clouds?

The measurement requirements may be briefly summarized. Absolute accuracy

requirements are not extremely high; a few degrees would be sufficient. Pre-
cision, or the ability to determine temperature differences, is much more im-
portant, and l to 2° is required. The ability to resolve at least two scale

heights in the vertical, and preferably one, is also required to see small-scale
structure, and resolve the region of solar energy deposition. Frequent measure-

ments are also required to see temporal variations.

A powerful method of obtaining temperature and constituent information

about a planetary atmosphere is by inverting measurements of the infrared radi-
ation it emits. For sounding the upper atmosphere of Venus, scanning the

planet's limb in the infrared could be an efficient method of measurement.
Downwards observation is also feasible.

A Venus instrument might have four spectral channels, as follows:

(I and 2) Two channels in the 15-um band of CO2 to obtain temperature as
a function of pressure. The primary purpose would be to obtain measurements
for high resolution retrieval to 115 km or higher. In addition, they would

yield mean temperatures for two thick layers peaked at 75 and 85 km.

(3) One channel in the 20- to 40-_m band to measure water vapor emission

at the limb, where it may be optically thick; to locate thin cloud layers at
the limb; to map cloud temperature and morphology across the disc (viewing
downward, the water vapor is optically thin); to allow, from cloud temperature

or position, its pressure to be determined from the T(p) solution.

(4) One channel in the visible or near IR band to detect thin cloud (limb-
scanning method), and to measure the fine scale of reflectivity variations over
the di SC.

For limb scanning, optics with a 20-cm aperture would be desirable. Another
proposal, depending mostly on downward observation, suggests a 5-cm aperture and

3 additional channels, one using a CO2 pressure-modulated cell for sensitivity
to high altitudes. Either version is estimated to weigh 5 kg.

RADAR ALTIMETRY

The scientific objectives of a backscatter radar study of a planetary sur-

face derive from the analysis of echo delay, intensity and polarization measure-
ments. Relative surface heights (topography) may be determined by a series of
measurements of echo delays from resolved surface elements; if these span a
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sufficient portion of the planetary surface, the mean radius and oblateness
may also be obtained. Small-scale topography is useful in locating and iden-
tifying surface features -- for example, impact craters, mountains, slip-faults,
river valleys, oceans and lava flows, rleasurements of oblateness and other large-
scale height variations, when combined with observations nf the planet's gravi-
tational field, yield estimates of the degree to which the surface is in isostatic
equilibrium.

The intensity of the echo and its polarization -- and the way these vary
with wavelength and angle of incidence to the surface -- are intimately related
to the electrical and geometrical properties of the surface and immediate sub-
surface. From the dielectric constant of a material (usually the major deter-
minant of electrical reflective properties), one can place useful limits on its
composition and mechanical strength. From the geometrical properties, one may
deduce the inclination of coherently reflecting surface undulations as well as
the amount of wavelength-sized roughness.

Earth-based planetary radar systems have developed considerable capability
in these areas. However, orbital radar altimetry offers the possibility of ex-
tending these data into regions inaccessible to suitable observation from Earth,
particularly into high latitudes and the planetary polar regions. Radar observa-
tions take on particular significance for Venus since the dense and opaque atmos-
phere of that planet precludes any other means of remotely mapping its surface
characteristics.

The radar system listed in the model payload is a basic S-band system (_ be-
tween I0 and 15 cm) designed to view only the quasi-specular echo from near the
sub-orbital point using same-sense linear transmitted and received polarizations.
(Possible add-on modifications would permit: (I) circularly-polarized transmis-
sions for enhancing the value of bistatic radar observations from Earth; (2) dual-
polarization reception for studying the diffuse as well as quasi-specular scatter-
ing; and (3) an X-band system operating in parallel with the basic S-band system.)

The basic system would have a radar antenna, rotating with the spinning
spacecraft, whose angular bea_Hdth in the direction of spin would be as broad
as possible commensurate with a gain of at least 15 dB (for linear polarization,
the aperture asymmetry is unimportant). Consider, for example, a bea_idth of
60 ° x 20 ° . The antenna could be programmed to move in the plane containing the
rotational axis so that the antenna would view the surface immediately beneath
the spacecraft for some portion of each rotation. The above beamwidths would
permit observations for about one-sixth of each rotation (about 2 sec at a spin
rate of 5 rpm). For an orbital velocity of IQ km/sec near periapse, the space-
craft will move horizontally about 120 km per rotation, with radar observations
possible along 20 km of this path.

A phase-coded transmission is desirable. The length of the transmission is
limited by the closest planned approach to the surface. A minimum approach of
150 km corresponds to a transmission length of l ms. The minimum interval be-
tween transmissions (IPP) is set by the maximum unambiguous height required. A
height of 1500 km corresponds to an IPP of lO ms. Thus the radar will have a
short-term duty factor of lO percent. Since the radar will presumably be turned
on only during one-sixth of each rotation, the actual periapse duty factor will
be only about 1.6 percent.
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At a nominal height of 400 km above a spherical surface, the lateral (cross-
track) resolution would be I0 km for a standard code subinterval or baud length
of 1 _s. The frequency resolution associated with (coherently) decoding the
l-ms transmission code length limits the surface resolution in the direction of
the track to about 2.5 km. Resolution in altitude is 150 m, but the accuracy of
a given measurement will usually be better than IQ m, depending on the signal
strength and the nature of the resolved surface.

Echoes from successive transmission periods are summed incoherently over a
time interval determined by the motion of the spacecraft over the resolved sur-
face. In the present example, the time to move 2.5 km is about Q.25 sec, corre-
sponding to 25 IPP's. Thus there would be about 8 separate observations avail-
able for each spacecraft rotation, or 40 per minute on the average during peri-
apse passage (more per minute at lower altitudes, fewer at higher). Some 500
to 700 altimeter observations may thus be expected per orbit, with about 15fl bits
of information storage required per observation using the basic proposed system.

An output power of I0 w is assumed available for the l-ms coded transmission;
thus the equivalent peak power after decoding is 10 kw referred to the l-_s
equivalent pulse (baud) length. It is assumed that the hot planetary surface
would add about 500°K to an intrinsic receiver noise temperature of 500°K, for
a total of IO00°K. The above system parameters would yield a signal-to-noise
ratio of 6700 at 200 km, 8_ at 400 km and 47 at I000 km, assuming radar cross
section data typical of Earth-based radar observations.

Placed in a 24-hr polar orbit around Venus, and operated during each peri-
apse passage, this basic radar altimeter system would obtain an essentially
complete picture of the surface scattering and topography within about 500 km
of the pole after 243 days of operation. In addition, it would yield a net of
observations between the pole and the equator of extremely high accuracy, which
could be referred to Earth-based topographic observations near the equator, and
to Earth-based scattering maps over much of the surface.

RADIO OCCULTATION FIEASUREMENTS

The S-band radio occultation experiment carried out at Venus by Mariner 5
in 1967 was the first source of information on the structure of the ionosphere
and thermal profile of the middle atmosphere of Venus. Since Mariner 5 was a
fly-by mission, such measurements could be made only at two points on Venus,
one on the nightside of the planet at the time of entry of the spacecraft into
occultation, and the other on the dayside corresponding to the exit of the
spacecraft from occultation. The technique of deriving the electron profiles
and neutral atmospheric density distribution from the precise tracking data at
S-band is now well established and extensively documented. In addition to
Venus, this experiment has been successfully carried out at _lars by Mariners 4,
6, 7, and 9.

An Orbiter is the most suitable mission for this experiment because it pro-
vides frequent repetition of occultations. For low inclination orbits, two
occultations occur per revolution. Above some limiting inclination, depending
on orbit shape, occultations are not ebserved for parts of the mission. In any
case, full longitudinal coverage is achieved and two bands, roughly parallel to
the equator, could be scanned during mission lifetime. An excellent example is
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Mariner 9, which has now provided several hundred density profiles in the atmos-
phere of Mars over a large range of latitudes and longitudes. For a medium or
high inclination Venus Orbiter, occultation sequences are limited to special
periods of about two months' duration, yielding less longitudinal but more lati-
tudinal coverage.

In addition to ionized and neutral density profiles, the radio occultation
experiment can acquire extremely important information on the vertical structure
of clouds on Venus. The occultation experiment on Mariner 5 has given some pre-
liminary indication of the existence of absorbing layers in the middle atmosphere
of Venus. The Probe mission of the Pioneer Venus program will characterize the
nature of these low-level clouds and their structure at four different points on
the planet. A radio occultation experiment on the Orbiter mission will consider-
ably enhance the global coverage, both in space and time.

In order to realize the full potential of a radio occultation experiment
in Venus orbit, the following requirements must be met:

(I) The Orbiter high-gain antenna must be able to follow the direction
of the radio beam when it is refracted in the atmosphere of Venus.

(2) A second frequency coherent with the S-band frequency must be provided
on the downlink.

The first requirement arises from the fact that a large amount of refractive
bending (up to 17 ° ) occurs in the dense lower atmosphere of Venus, and in order
to obtain significant information on the nature of the lower clouds of Venus and
their change with time, one must be able to observe both the phase and the ampli-
tude of signals of both frequencies to establish the dispersive absorption effect.
This can only be accomplished if the pointing direction of the antenna can be pro-
grammed to follow the expected refracted direction of the radio beam. Methods for
doing this are under study. This can be accomplished in two ways:

(I) By providing a mechanically despun two-axis steerable antenna if the
spin axis direction of the spacecraft is perpendicular to the ecliptic plane.

(2) If the two-axis steerability of the antenna is to be avoided, or if
the spacecraft spin axis lies in the plane of the ecliptic, the spin axis of
the spacecraft should be used to readjust the spin axis direction according to
a preset program. Without this maneuver, penetration depth as well as lati-
tudinal and longitudinal coverage would deteriorate significantly, especially
at X-band but also at S-band.

In addition to automatically calibrating out effects of changing abundances
of interplanetary electrons (which is much more important for a Venus Orbiter than
it is for a Mars orbiter), the main advantage of having two coherent frequencies
on a downlink lies in the ability to measure the frequency-dependent character-
istics (e.g., absorption) in the dense lower clouds of Venus at two frequencies,
thereby inferring their behavior with latitude, solar illumination angle, and
time -- especially in the presence of composition data supplied by the Pioneer
Venus entry capsules.
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Improvedsensitivity to weakionosphericlayerswouldbeprovidedbyan
L-banddownlink;however,at the timeof theVenusPioneerOrbitermission,the
DeepSpaceNetwork(DSN)stationswouldbe instrumentedto receiveonly X-band,
Perhapsother trackingfacilities maybebroughtto bearonL-bandtransmission.

GRAVITATIONALMEASUREMENTS

Thereis a basicconflict betweenin situ measurementsof the upperatmos-
phereandthegravitational experiments. In situ measurements require low peri-
apsis and an active process requiring orbital maneuvers to maintain low periapsis.
The gravitational experiments require periapsis high enough to avoid atmospheric
drag effects and long periods of tracking data, uninterrupted by orbital maneu-
vers and active attitude control. In addition, gravitational experiments would
profit from smaller eccentricity (the smaller the better), maximum orbital
tracking coverage, maximum accuracy of tracking data, and -- within the con-
straint of long uninterrupted sequences of data -- several distinct orbits.

There is no need to reemphasize the interest in determination of the grav-
ity field of Venus as well as of its geometrical shape. One needs merely to
recall the interest of this objective in relation to the similarity between
Venus and the Earth as planets. The origin and evolution of the inner solar
system may be strongly related to the actual differentiation of these two
planets insofar as rotation rate, figure, atmosphere, etc., are concerned.
A possible interaction between atmosphere dynamics and the solid planets may
be fundamental in explaining the unique situation of the spin-orbital coupling
with the Earth. Knowledge of the ellipticity of the equator and, more generally,
the inertia ellipsoid, are essential parameters to be determined.

Since the primary mission objectives do not include gravitational experi-
ments, it is recommended in the strongest terms that the mission be extended
beyond the nominal 243 days' duration for the main purpose of conducting the
gravitational experiments.

The following conditions should be fulfilled:

(l) Availability of S- and X-band communication links for extensive track-
ing before and after Sun occultation from the 225th to the 280th day (around
superior conjunction).

(2) _Jo active control of the orbit, and no attitude control, thus allow-
ing the periapsis to rise naturally above 500 km, and stabilizing the spacecraft
by increasing the spin rate.

(3) Frequent high accuracy tracking (accuracy better than Ihm range,
3 mm/sec range rate); at least 20 minutes of tracking data every 2 hours for
2 days every week are considered reasonable.

(4) Extended mission of at least one sidereal rotation period of the
planet (243 days).

The main goal is to have a long period during which the spacecraft is
moving in a natural motion under the influence of gravitational forces and
environmental forces, with the reasonable assumption that the nongravitation_l
perturbations can be modeled accurately.
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SUPPORTINGSTUDIES

Thecandidatepayloadwascarefully constructedto consistof a self-
sufficient experiments packaqe to address the first-order scientific questions

concerning Venus that are peculiar to the Orbiter. This has been accomplished
within spacecraft constraints, to first-order. There are, however, possible
supporting studies which would enhance the scientific output. For example,

rocket- or Earth-orbiting satellite-borne solar EUV and soft X-ray spectrom-
eters would provide knowledge of the photo-excitation, dissociation and ioni-

zation levels impinging on the Venus upper atmosphere. Such spectrometers are
to be flown aboard the Atmospheric Explorer satellites; some thought might be

given to ensuring their availability for measurement during the Venus Orbiter
mission. As another example, there are various Earth-based, airborne, rocket-

borne and satellite-borne techniques, particularly in the infrared, that have
been used for planetary observations -- and no doubt will be used again --
within the Pioneer Venus time-frame. If their use could be synchronized with

the Pioneer Venus Orbiter, the latter could well provide very useful calibra-
tion data to the near-Earth observations.

CONCLUSIONS

Enthusiastic support for a joint NASA/ESRO Venus Orbiter mission was
clearly evident among the Joint Working Group scientists. Reasons for this
enthusiasm included: the number of first-order questions about Venus that can
be answered by the candidate payload; the obvious cost-effectiveness of the
mission, enhanced by the sharing of resources between NASA and ESRO; and the
major opportunity afforded by the Pioneer Venus effort to the European space
community to enter the field of planetary exploration.

r

r

20

F

m



=i




